Objectives: Coronary slow flow (CSF) is characterized by delayed opasification of the coronary arteries in the absence of obstructive coronary disease. Catestatin has several cardiovasculer actions, in addition to diminihed sympato-adrenal flow. The study was to investigated associations between CSF and plasma catestatin levels. Methods: This study included 45 CSF patients (37 males, mean age 48 ± 9.5 years) and 30 control individuals (24 males, mean age 48.4 ± 9 years). Coronary flow was quantified according to the TIMI (Thrombolysis in Myocardial Infarction) frame count method for coronary arteries. Serum catestatin levels taken from blood samples were measured by ELISA method. These parameters were compared between the groups. Results: When compared with to the control group the serum catestatin levels was found higher in the CSF group. In addition to this, mean platelet volume was also significantly higher in patients with coronary slow flow. Conclusions: Our study revealed that catestatin levels are increased in patients with CSF. Coronary slow flow that increased catecholaminergic sympathetic system activities seem to be among the reasons of endothelial dysfunction.
The European Research Journal 2019;5(3):522-528 he coronary slow flow (CSF) phenomenon which was first described by Tambe et al. [1] in 1972 is characterized by delayed opacification of the distal vascularture in patients with normal coronary arteries. Endothelial dysfunction, occlusive disease of small coronary arteries, increase of vasomotor resistance have been suggested [2] [3] [4] [5] .
Endothelin-1 (ET-1) acts by reversing the effect of nitric oxide and it is known as the most potent vasoconstrictor agent. ET-1 has positive inotropic effects on cardiomyocytes and is mitogenic for smooth muscle cells. Increased ET-1 levels and increased catecholaminergic activity are responsible for microvascular resistance [6, 7] .
Catestatin is a 21 aminoacidic hydrofobic neuroendocrine peptide that is formed by dissociation of chromogranin-A [8] . It is co-stored in the secretory granule and co-released with catecholamine in adrenal chromaffin cells and adrenergic neurons. It is noncompetitively inhibites nicotinic acetylcholine receptors and catecholamine secretion [9] . Besides, it was shown to have a direct negative inotrophic effect, catestatin shows an adverse effect towards ET-1's positive inotropic, lusinotropic and constrictor effect on coronary arteries. In addition to this; hypertrophic, mitogenetic and angiogenetic effects of ET-1 on vascular smooth muscle cells, are also inhibited by catestatin [10, 11] . Catestatin also distrupts contraction coupling over the calcium pathway by inhibiting phosphorization of Phospholamban by protein phosphokinase. In this way catestatin contributes to vasodilation in microvascular area [10] .
In this study, we aimed to investigate the relation between CSF and plasma catestatin levels.
METHODS
The study included 45 patients (group I) with CSF (37 males/8 females, mean age 48 ± 9.5 years) and 30 patients (group II) with normal coronary arteries (24 males, mean age 48.4 ± 9 years). The study was approved by the Institutional Ethics Committee, and written consent was obtained from all patients. All patients were evaluated in terms of cardiovascular risk factors. Patients with acute or chronic renal failure, unregulated hypertension, occlusive coronary artery disease diagnosed in the past or recent angiography or who had been surgically or percutaneously treated for this diagnosis, patients with an open heart surgery history, patients with an active infection, patients below 18 years old, pregnants, patients have systolic dysfunction and patients with dysrhythmia have been excluded from the study.
Hyperlipidemia was defined as low-density cholesterol (LDL) was greater than 100 mg/dl or lipidlowering medication was used. Blood pressure was measured of all patients. Hypertension was defined systolic blood pressure equal or greater than 140 mmHg and/or diastolic blood pressure equal or greater than 90 mmHg or under control by using antihypertansive drugs. Diabetes mellitus was defined as the fasting glucose level exceeding 126 mg/ dl on two seperate measurement or using of antidiabetic treatment.
All patients underwent coronary angiography due to stable angina pectoris in our clinic and preliminary diagnosis of ischemic heart disease and diagnosed as having normal coronary arteries. Coronary angiographies of the patients were evaluated and two groups were separated as having coronary slow flow according to the TIMI (Thrombolysis in Myocardial Infarction) frame countmethod and having normal coronary artery. Blood samples were obtained for basic hematological and biochemical parameters.
Plasma Catestastin Measurement
Samples taken for the measurement of catestatin levels were centrifuged for 10 minutes at 10.000 cycle than stored at -80°C until analysed. Obtained samples were measured by human catestatin Elisa kit and cathestatin levels were analysed.
Echocardiograhy
Echocardiography images were examined in the left lateral decubitus position. The measurements were examined after patients' admission to the hospital, with 3,5 MHz transduser and GE Vivid 7 Pro equipment, according to the guidelines of the American Society of Echocardiography [12] . Left ventricle end-diastolic diameters (LVEDd), left ventricle end-systolic diameters (LVESd) and left ventricle ejection fraction (LVEF) were obtained with modified Simpson method from apical 4 chamber views.
Documentation of Coronary Slow Flow
All the patients underwent selective coronary angiography in elective conditions with the standard technique. For imaging, lohexol (Omnipaque) was used as the contrast agent. TIMI frame count method first described by Gibson et al. [13] was used for documenting of coronary flow rates of all subjects and was determined for each major coronary artery in each patient and control subject.
Quantitative coronary angiographic measurements were examined with ACOM PC Lite version 2.0 (Siemens, München, Germany) programme. Flow velocity was calculated by observing angiographic records taped at 15 square (15 fps) speed. For each coronary artery, elapsed time for the contrast to reach distal determinant points was defined as the frame count. As the starting point, the point where the contrast touches both sides of the coronary artery was taken. As the final point, mustage was taken for left anterior descending artery (LAD), first distal bifurcation of the longest branch was taken for circumflex artery (Cx) and the point where posterior descending artery (PD) branch gave its first sub branch, was taken for right coronary artery (RCA). TIMI frame count was normalized by comparing the length of LAD with RCA and Cx and corrected TIMI frame count (cTFC) was found. cTFC was obtained by dividing total sine frame count of LAD to 1.7. For LAD 36 ± 1, for Cx 22 ± 2 and for RCA 20 ± 3 average reference values were obtained. Since our angiography records were at 15 fps (frame speed per minute), obtained values were doubled and standardized according to the 30 fps velocity. Mean reference values above two standard deviation was accepted as CSF.
Statistical Analysis
Statistical analyses were made with IBM SPSS (Statistical Package for the Social Sciences ver. 16.0, SPSS Inc, Chicago, Illinois, USA) statistical analysis package programme. Continuous variables were defined as mean ± standard deviation whereas categorical variables were defined as percentage (%). Among groups, parametric variables that show comparability to the normal range, were compared by Student t test while non-parametric variables that do not show comparability to the normal range, were compared by Mann-Withney U test. Correlation between continuous variables was determined by Pearson correlation coefficients. For statistical evaluations, p < 0.05 value was considered as significant for all the statistical analyses.
RESULTS
In both groups, male gender was observed significantly higher. In the CSF group, 8 (17.7%) of 45 patients whereas in the control group, 6 (20%) of 30 patients were female. No significant difference was found between these two groups (p > 0.05).Baseline clinical and demograhic parameters were similar. (Table 1) .
When compared in terms of echocardiographic parameters, both groups were similar in left ventricular chamber diameters and systolic pulmoner arterial pressure parameters. Moderate or severe valvular insufficiencies or stenosis was not observed in all groups (Table 2) .
Mean platelet volume (MPV) in the CSF group was found to be higher and statistically significant (p = 0.01) compared to the control group; in CSF group MPV was 8.04 ± 0.91 fL, and incontrol group MPV was 7.55 ± 0.53 fL. There was no significant difference between the groups, in terms of routine hematologic and biochemical parameters except MPV (Table 3) .
Catestatin levels in CSF (2.1 ± 0.65 ng/ml) group Data are presented as mean ± standard deviation. CSF = coronary slow flow, BMI = body mass index was found to be statistically significantly higher compared to the control group (1.80 ± 0.41 ng/ml) (p = 0.016) ( Table 3 ).
In the correlation analysis, we found a strong and positive linear relationship between TIMI frame count and serum catestatin levels (r = 0.417, p = 0.004). (Table 4) .
DISCUSSION
As a result of this study, catestatin levels in patients having CSF was found to be higher compared to the patients with a normal coronary angiography. In addition to this, in CSF patients with a higher TIMI frame count, catestatin levels were found to be higher Data are presented as mean ± standard deviation. AST = aspartate transaminase, ALT = alanine transaminase, MPV = mean platelet volume, CRP = c-reactive protein than the patients having a lower TIMI frame count. Endothelium normally secretes vasoconstrictor and vasodilator substances to regulate blood flow. In some situations this regulation is impaired and coronary blood flow is adversely affected. While still carrying some question marks in its etiopathogenesis, CSF is a phenomenon characterized by late opacification of distal vascularture of the epicardial coronary arteries without occlusive disease. Various mechanisms have been proposed for CSF phenomenon in terms of underlying pathology such as endothelial dysfunction, occlusive disease of small coronary arteries, increased vasomotor resistance [2] [3] [4] [5] .
Increased ET-1 concentrations in the small coronary arteries, increase coronary resistance by vasoconstrictive effect and cause myocardial ischemia in patients having angina pectoris and normal coronary angiography [13, 14] .
Catestatin is a 21 aminoasitic peptide formed as a result of the hydrolysis of chromogranin A and is stored with catecholamines and released via exocytosis [15, 16] . Catestatin inhibites the catecholamine release, via non-competitive blockage of nicotinic receptors. It reverses ET-1's positive inotropic, lusinotropic and vasospastic effect on coronary arteries [9, 10] .
Elevated serum catestatin levels have been shown in many studies in situations where catecholamine release is increased such as heart failure and myocardial infarction. In a study patients having heart failure, the group having NYHA (NewYork Heart Association) class 3-4 symptoms have significantly higher serum catestatin levels compared to the control group and group with NYHA class 1-2 symptoms [18, 19] .
Besides, catestatin has cardioprotective effects on the cardiovascular system and these effects was shown in some studies. Catestatin's cardioprotective effect mainly occurs as a negative inotropic and antihypertansive effect via Ca++ metabolism on myocardium. In a study by Penna C et al. [19] in 2010, catestatin was found to improve post-infarction LV function and to decrease ischemia-reperfusion injury. It also has cardioprotective effect on endothelium. Catestatin blocks vasoconstructive effect of endothelin by inhibiting ET-1 receptor and causes vasodilation by two separate pathways; by stimulating histamin release via H1 receptor and by stimulating nitric oxide (NO) synthetase leading to NO formation.
There are studies suggesting that endothelin and catecholamines are associated with slow coronary flow. Yazıcı et al. [20] investigated the relationship between plasma ET-1 levels and corrected TIMI frame counts in patients with CSF. They found that the corrected TIMI frame counts measured in LAD and Cx arteries was independent predictor of ET-1 level in patients with CSF. This result implies that the increase in ET-1 level may be responsible for increase in corrected TIMI frame count or CSF [20] . In another study, it was aimed to investigate the role of adrenergic activity in patients with CSF and its relationship to TIMI frame count on the pathogenesis of CSF. Correlation analysis established that both adrenalin and noradrenalin levels were correlated with TIMI frame counts of LAD and Cx arteries. Higher noradrenalin and adrenalin levels and correlation between TIMI frame count and ischemia in patients ! with CSF suggest that increased adrenergic activity may be the manifestation of coronary slow flow [21] . In our study, catestatin levels were found to be significantly higher in the CSF patient group. In addition, in the CSF patient group, as the TIMI frame count increased, plasma catestatin levels increased as well. On the other hand, MPV was also significantly higher in patients with coronary slow flow according to literature [22] . Examining the pathogenesis of CSF, one of the possible causes is considered to be vasoconstruction at microvascular level. In this patient group, catestatin may be trying to reverse the vasoconstrictive effect of ET-1 and catecholamines and catestatin levels may be found increased in proportion to the severity of the disease. Besides, elevated catestatin levels may have a predictive value in understanding the severity of the disease in CSF. On the other hand, elevated catestatin levels can be considered as an indirect indicator of an increased catecholaminergic activity and increased coronary vasospastic presentation in this group. However, catestatin may be considered to be one of the factors affecting microvascular circulation. There is a need for more extensive studies.
CONCLUSION
Many reasons that might cause endothelium disfunction, are considered responsible for CSF pathophsiology. Increased catecholaminergic activity and sympathatic system activity are possible reasons of CSF vasospastic period. In our study, we found serum catestatin levels to be high in CSF patients. In addition to this, we also found that an increase in TIMI frame count is related with elevated catestatin levels in the CSF patient group. Plasma catestatin levels can be an indirect indicator of increased catecholaminergic activity and increased coronary vasospastic presentation. On the other hand, elevated serum catestatin levels in CSF may have a predictive value in understanding the severity of the disease.
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